Background: This study investigated physical activity and dietary intake of children aged 9-11 years, and the influence of peers on these behaviours over a 2-year period. Methods: A total of 106 (64 girls; 42 boys) children were investigated annually, over 2 years. Measures included physical activity (sealed pedometer), self-report measures of dietary intake and physical activity, and a peer influence questionnaire. Anthropometric measures of height and weight were also obtained. Results: The findings reveal insufficient energy intakes, physical activity levels and fruit and vegetable consumption but high intakes of saturated fat and sodium, over time, in both boys and girls. Both male calcium and female iron intakes were also of concern. Throughout the survey, peers were found to influence physical activity behaviour but not dietary intake. Conclusions: The fact that youth consistently failed to meet established nutrition and physical activity recommendations highlights the importance of promoting physical activity and healthy eating to children younger than 9 years of age. The finding that peers significantly influence physical activity behaviour over time should be considered when designing new physical activity interventions aimed at young people.
Introduction
Unhealthy eating habits and low physical activity levels during childhood can have a significant influence on chronic disease occurrence in later life (World Health Organization, 2004 ). Yet, UK-based research that has assessed aspects of dietary intake and physical activity in youth, over time, are insufficient. Conflicting evidence still remains regarding reduced energy intake in young people (Livingstone and Robson, 2000; Sweeting, 2008) and the lack of population-based objective data describing levels of children's activity in the UK (Riddoch et al., 2007 ) also makes it difficult to ascertain current levels of physical activity in British youth. As changing these behaviours is difficult once they are established (Berkey et al., 2003) , poor lifestyle habits are at risk of continuing on into adulthood (Harro and Riddoch, 2000; Lien et al., 2001) . This study outlines a hypothesis that gender-specific, unhealthy dietary and physical activity behaviours are commencing in children younger than 10 years, and show signs of consistency over time. Yet, the influence of peers on these lifestyle habits will vary as they age. Obtaining this information may help to identify the most effective time and approach at which to intervene.
Methods

Study design and participants
One hundred and six children (64 girls; 42 boys) who were in full-time education and aged 9-10 years were recruited from three middle socio-economic background schools (based on the percentage of children in each school receiving free school meals) in south-west London. Participants commenced participation in the summer months of 2007 and were measured annually, at the same time of year, for 2 consecutive years (2007 and 2008) .
The University Ethics Board of Roehampton University approved the study and at each participating school the head teacher gave permission for the study to take place. Informed assent/consent was obtained from both participants and parents/carers, before the study commenced.
Participants were given clear instructions regarding their involvement in the study. To maintain anonymity, each participant was given an ID number and supervised conditions were applied during questionnaire completion.
Dietary intake
Participants were prompted to record all food, drink and portion sizes at breakfast, lunch, dinner and during any snack times in a 3-day food diary (Friday morning-Monday morning). This has been recognized as a valid and appropriate nutritional tool to measure dietary intake in 9-to 12-year-olds (Rockett and Colditz, 1997) . To consider the likelihood of misreporting, the food diary was also crossvalidated with a fruit and vegetable screening measure (Prochaska and Sallis, 2004 ) and a positive correlation (r ¼ 0.43, Po0.05 N ¼ 86) was revealed.
Physical activity
At the same time as completing the food diary, participants wore a sealed pedometer (Yamax Digiwalker SW-200), and its removal was permitted only during sleeping, swimming and bathing. The Yamax Digiwalker SW series (Yamasa, Tokyo, Japan) are the most accurate of pedometers (Bassett et al., 1996; Crouter et al., 2003; Schneider et al., 2003) and, specifically, the Yamax SW-200 is a reliable monitor to use with children (Kilanowski et al., 1999; Barfield et al., 2004) . Participants were encouraged to engage in everyday activities as normal and instructed not to tamper with the pedometer throughout the 3-day monitoring period. Instructions were given for the recording in physical activity diaries of any times when it was removed or replaced. The pedometers were sealed by researchers on site and were placed on participants on day one of the monitoring period and removed by researchers, on day three (Monday morning).
Step counts by age, gender and over time were then compared with current recommendations (12 000 steps/day for girls and 15 000 steps/day for boys) (Tudor-Locke et al., 2004) . In line with other researchers in the field (TudorLocke et al., 2004; Duncan et al., 2007) , if they were taken off for more than 1 h in any 1 day, the results were omitted from analysis.
Height and weight
Height and weight were measured by trained researchers on day 1 of the survey and recorded to the nearest 0.1 cm and 0.1 kg, respectively. The Omron M5-1 intellisense weighing scales and Leicester freestanding stadiometer were used and were calibrated before testing. Any heavy outer garments and shoes were removed before measurement and BMI (kg/m 2 ) and BMI Z-scores were calculated using equations based on UK reference data (Cole et al., 1995) .
Peer influence
Four questions from the validated Children's Physical Activity Correlates (CPAC) instrument (Schaben et al., 2004) were used to measure psychosocial correlates (peer acceptance) of physical activity in participating children. Eleven questions taken from Sallis et al. (1987) 'Social Support and Eating Habits/Exercise Survey' were used to measure potential peer influence on both physical activity and dietary intake behaviour. They were piloted with school children aged at least 9 years, who were not involved in the study, to ensure relevance and comprehension and were administered under supervised conditions, on day one of the study. Examples of some of the questions included: 'During the past three months, my friends': (1) encouraged me not to eat 'unhealthy foods' (cake, crisps, sweets, chocolate) when I was tempted to do so; (2) ate 'unhealthy foods' (cake, crisps, sweets, chocolate) in front of me; (3) got angry when I encouraged them not to eat 'unhealthy foods' (cake, crisps, sweets, chocolate); (4) participated in physical activity or exercise with me; (5) talked about how much they like to be physically active or exercising; (6) gave me helpful reminders to be physically active or exercise; (7) changed their schedule so that we could be physically active or exercise together and (8) criticized me or made fun of me for being physically active or exercising.
Data analysis
DietPlan 6 (Forestfield Software, Horsham, UK) was used to assess dietary intake, and preliminary analysis of the variables using a Kolmogorov-Smirnov test of normality revealed that the data was not distributed normally. Nonparametric data analyses were undertaken accordingly, using the SPSS (15.0, SPSS Inc., Chicago, IL, USA) statistical package. To investigate bivariate relationships between variables, Spearman's correlation was used, whereas MannWhitney tests were employed to test for differences between genders. Friedman tests were used to analyse any differences between assessment years. Pan and Cole (2007) Microsoft Excel add-in 'ImsGrowth' package was used to calculate standardized BMI scores (Z-scores). These represent the degree to which each child deviates from their age and gender-specific median (Gibson et al., 2004) ; using equations based on UK reference data (Cole et al., 1995) . The results provide graded levels of thinness, normal weight, overweight and obesity of participants, which are linked to the World Health Organization's recommended adult cut-off points and are based on pooled international data for BMI (UK data included) . Such a technique allows for direct comparisons of BMI in youth worldwide.
Results
Out of the total sample (n ¼ 106), 93 participants (64 girls, 42 boys) completed all aspects of the study. 
Body mass index
Adjustment for underreporting
To represent the average extent of underreporting of energy intake and micronutrient intake (Energy Expenditure/Energy Intake), the mean values from the most recent National Diet and Nutrition Survey for 7-to 14-year-olds (Gregory and Lowe, 2000) were used. The mean micronutrient (or energy) intakes were then multiplied by 1.25. This value is derived from data on Energy Intake/Energy Expenditure from Smithers et al. (1998) , recorded in Livingstone et al. (2004) .
Once these adjustments were undertaken, for girls, only energy intake per day (year 1 only: 1968 kcal/day) and calcium intake per day (year 2 only: 866 kcal/day) met or exceeded EAR and RNI values (mean energy intake ¼ 1968 kcal/day; mean calcium intake ¼ 866 mg/day). For boys, only mean iron intake in the first year of the study (11.3 mg/day) exceeded RNI values. Thus, for the majority of participants, calcium, iron and energy intakes remained below recommendations (Table 2) .
Physical activity
Although physical activity levels (steps per day) increased 1 year on in both boys and girls (Table 1) , at no point did either gender meet step targets per day for health (TudorLocke et al., 2004) . Girls were also slightly closer to meeting recommendations than boys. In particular, only 28% (n ¼ 8) of boys and 32% (n ¼ 12) of girls met Tudor-Locke et al. 's (2004) 15 000 (boys) and 12 000 (girls) step/day recommendations in year 1 and only 32%; (n ¼ 9) of boys and 36% (n ¼ 13) of girls met these targets 1 year on.
Peer influence
Peers were found to influence physical activity behaviour but not dietary intake. This was clear from the number of significant correlations between friends taking part in physical activity or exercise with participants and: (1) friends talking about how much they like to be physically active or to exercise (year 1: r ¼ 0.272, Po0.01; year 2: r ¼ 0.248, Po0.05), (2) friends giving participants helpful reminders to be active (year 1: r ¼ 0.510, Po0.01; year 2: r ¼ 0.437, Po0.01) and (3) friends changing their schedule so that they could be physically active or exercise together (year 1: r ¼ 0.489, Po0.01; year 2: r ¼ 0.339, Po0.01).
Although not significantly different by gender, female peer acceptance scores increased from the first year (M ¼ 8.7/12, s.d. ¼ 1.0) to the second year (M ¼ 9.5/12, s.d. ¼ 1.1) of the study (Po0.01), whereas male scores declined (year 1: mean ¼ 9.8/12, s.d. ¼ 1.9; year 2: mean ¼ 8.8/12, s.d. ¼ 1.5; Po0.01). Thus, girls felt more accepted by their peers than boys in the last year of primary school. Although not a strong correlation, those youngsters that felt more accepted by their peers before they went to secondary school also took part in significantly more physical activity with their friends (r ¼ 0.370, Po0.01).
Discussion
This research provides for the first time, longitudinal dietary and objective physical activity data of 9-to 11-year-old children attending schools in south-west London and the influence of peers on their behaviours. The main findings reveal insufficient energy intakes, physical activity levels and fruit and vegetable consumption but high intakes of saturated fat and sodium, over time, in both boys and girls. Male calcium and female iron intakes are also a concern. Significant associations between peer influence and physical activity behaviour were evident but this relationship was not found between peer influence and dietary intake.
Although mean BMI Z-scores remained within the 'normal' range throughout the survey, if the poor physical activity and dietary behaviours continue, they may contribute to heightened morbidity and disease risk (Baranowski, 2004; World Health Organization, 2004) . In particular, the poor iron intakes that persisted in girls may lead to iron deficiency, which has already been identified as a common condition in children and adolescents in the United Kingdom (Thane et al., 2003) . Iron deficiency has been linked to lassitude, pallor, delayed psychomotor and cognitive development and lower resistance to infection (Gordon, 2003; Baggett et al., 2006) and can have long-term consequences (Thane et al., 2003) . In addition, as it is during this life stage that bone density is laid down, the deficiencies in calcium intake over time in boys could result in poor bone density. This can then manifest into a higher risk of bone fracture (Prentice et al., 2006 ). Yet, their low fruit and vegetable consumption may also be contributing, with a direct link identified between both fruit and vegetable consumption and bone health (New et al., 2000) . Consequently, it may be more effective for future dietary research involving children to investigate the types of food they are consuming, rather than energy intake and macro-and micronutrient intake, as this may be playing a more important role in health status during childhood.
The insufficient physical activity levels in the current study have also been reported previously for English school children (Duncan et al., 2007) . Although physical activity interventions designed for youth have aimed to increase these levels, not all have been successful (Marcus et al., 2006) . Much attention has also previously focused on low female participation rates (Cox et al., 2006; Flohr et al., 2006; Tudor-Locke et al., 2006) . Yet, these current results highlight the persistently low physical activity levels in boys across childhood. Boys, therefore, warrant equal attention when new physical activity interventions are designed for children in this age group.
Previous research has reported peer influence to have a significant role in food acceptability and selection (Woodward et al., 1996; Baranowski, 1997; Cullen et al., 2000) . Yet, no such findings were evident in this study or previous work by French et al. (1999) , who found friends' influence to be the least important motivator for snack choice among American youth. As the finding that peers did not influence dietary intake also continued over time in this study, it provides new, relevant information for researchers who examine potential social influences on dietary behaviour across childhood. Future research needs to investigate the role of other social support networks as children progress through childhood (siblings, teachers, parents), and whether Peers and children's diet and activity T Coppinger et al these remain consistent as children move onto secondary school. The findings of a relationship between physical activity and peer influence has been found elsewhere (Taylor et al., 1994; Springer et al., 2006) and supports the notion that to help reduce the risk of health complications, physical activity not only needs to be promoted to all children during late childhood, but also requires peers to be incorporated in this process. In addition, children need to be engaged in cross-curricular educational programmes that encourage physical activity and healthy food choices from an early age (De Bourdeaudhuij et al., 2010) .
Conclusion
The majority of participants in this study were within the normal BMI Z-score range but failed to meet established nutrition and physical activity recommendations; a trend which continued over time. To try and ameliorate these unhealthy lifestyle behaviours, education regarding the importance of physical activity and healthy food choices needs to be incorporated across the schooling system (Brown and Summerbell, 2009) , in children younger than 9 years of age. Furthermore, children's peer friendships should be considered in any new initiatives to promote greater physical activity levels in youth.
